Abstract------In biodiesel industry there is a need to detect interfacing layer between biodiesel and glycerine after the transesterification and interfacing layer between water and biodiesel after the washing process. The detection of these two interfaces is important for separation process. In this work, a simple, low cost, and accurate microwave reflection type system for production of coconut biodiesel has been applied for the detection these interfaces. A module that works at 10.7 GHz, consisting of a microwave generator and a detecting diode, is used to measure the microwave reflection coefficient at various positions through the tank. The experimental results show the ability of the system to detect the level or height of these interfaces at the accuracy of 0.1 mm.
INTRODUCTION
Biodiesel is the alternative fuel derived from renewable fats and oils such as soybean oil, palm oil, coconut oil, jatropha or recycled cooking oils. It can be produced through transesterification process which involves reacting vegetable oil with alcohol (methanol) in the presence of a catalyst (sodium hydroxide) to produce biodiesel and glycerin [1] . The mixture is normally heat up for several minutes at maintaining temperature of about O C until a clear separation between biodiesel and glycerine can be seen. After this stage the biodiesel need to be purified by washing it with water in order to remove non-used catalyst particles, glycerine, methanol surplus, solid particles and any other pollution that may happen to be in our diesel. Microwave irradiation also can be used to provide the heat in transesterification process and this technique greatly reduces the time required to achieve maximum conversion [2] , [3] .
In this paper, we propose a microwave reflection technique for detection of glycerine/biodiesel interface after a transesterification reaction and water/ biodiesel interface after a purifying or washing process. By knowing the positions of these interfaces, it is very useful for industrial process control in removing glycerine layer from unwashed biodiesel and water layer from the washed biodiesel.
II. THEORY
At microwave frequencies, the loss tangent and dielectric constant of water and glycerine are much higher than the biodiesel. This forms the main basis for the detection of biodiesel-glycerine interface and water-biodiesel interface. At room temperature (27 0 C) and frequency of 10.69 GHz, the value of the dielectric constant of water is about 61 and the loss tangent is about 0.48 and for glycerine the dielectric constant is about 4.6 and loss tangent is about 0.76 while the dielectric constant of biodesel is about 2.4 and the loss tangent is about 0.01. This means that a good reflection can be obtained from these interfaces and the attenuation caused by the water is very much larger than the biodiesel.
A schematic diagram of microwave reflection measurement on an air-biodiesel-glycerine system as a result of the transesterification process is shown in Fig. 1 . It consists of a transmitter, a receiver (detector), a non-lossy protective cover (perspex layer), air space, biodiesel, glycerine and metallic based container as a reflector. The incident wave is radiated from the transmitter and propagates through the medium of protective layer, air, biodiesel and glycerine with thickness l, a, t and g respectively and the wave is reflected back to receiver by the metallic reflector. The first reflection occurs at the air-protective cover and multiple reflections occur in the protective cover material, air, biodesel and glycerine. The transmission and reflection phenomena of the wave through this multi-layer system are complicated to analyse and a simple model is presented by a signal flow-graph [4] as in Fig. 2 .
In the analysis of this system, we first consider that the complex amplitude of an electromagnetic plane wave propagates through a medium is given as: The signal flow graph in Fig. 2 can be simplified by using Mason's non touching loop rule [4] and an example can be referred to previous work [5] . The reflection coefficient |S 11 | which is equals to Y/X can be formulated from this technique.
Let the relative permeability of all medium equal to 1 (for non-magnetic materials) and reflection coefficient at airperspex interface, perspex-biodesel interface, biodeselglycerine interface, perspex-air interface, air-biodesel interface, perspex-glycerine interface, are given as Γ a, Γ p, Γ g, Γ i, Γ u and Γ m respectively.
where 
Γ s = 1 (assume metallic plate as a good reflector)
where ε p, ε u and ε g are the complex relative permittivities of the perspex, biodesel and glycerine respectively. The complex propagation constant for perspex, biodiesel and glycerine are written as γ p , γ u and γ g respectively.
In the analysis of washing system process the glycerine layer of Fig 1 and Fig 2 is simply replaced by the water layer. The signal flow graph in Fig 2 will be changed accordingly as the sensor is moving from air-biodesel-glycerine system to biodiesel-glycerine system and finally to the glycerine medium. The calculation of reflection power for each system can be done by following the same procedure as mentioned in the previous work [5] .
III. EXPERIMENTAL SET-UP AND RESULTS
A schematic diagram of microwave reflection measurement set up for detection of glycerine/bodiesel interface after the transesterification reaction and water/biodiesel interface after the purifying process is shown in Fig. 3 . A microwave transmitter-receiver module (RS8960), which consists of a 10 mW microwave source (10.69 GHz X-band Gunn oscillator) and a low-barrier silicon Schottky diode, is capable of bottom-up or top-down movements through glycerine, biofuel and air media. The precision of the vertical movement of this system is 0.1 mm. The system is controlled by software written using user-friendly LabVIEW 8.5 programming language. Microwave reflection signal measurements have been performed using an in-house designed data acquisition and motion control system. For example after the transesterification process, the refection signal arrived at the microwave detector diode consists of a series of reflections which occur at different interfaces of the system for examples protective layer-air interface, air-biodiesel interface, biodiesel-glycerine interface and glycerine layer. 4 shows the experimental results of the reflected value in terms of voltage detected by the microwave detector after the transesterification reaction. The levels of glycerine and biodiesel for this measurement are about 16mm and 66 mm respectively and the measurement is performed up to 98 mm above the biodiesel level. The profile for the reflection signal after the washing process is shown in Fig 5. The levels of water and biodiesel for this measurement are about 24mm and 72 mm respectively and the measurement is performed up to 88 mm above the biodiesel level. It is noticeable that the profile of the reflected microwave signal due to glycerine is distinctive from the signal attributable to the biodiesel. Similar as to water that is distinctive from the signal attributable to the biodiesel and even more distinctive as compared to glycerine-biodiesel interface. From Fig. 4 it is observed that the position of the first minimum (or antinode) of the glycerine profile is about ~12 mm from the bottom of the tank but for water is much shorter, ~3 mm (see Fig. 5 ). This is due to the dielectric loss of water is much higher than glycerine.
IV. CONCLUSION
In this paper we successfully demonstrate the application of microwave reflection measurement system for the detection of glycerine/biodiesel interface after the transesterification reaction and water/biodiesel interface after the purifying process. By knowing the poitions of these interfaces it is very useful for industrial process control in removing glycerine layer from unwashed biodiesel and water layer from the washed biodiesel. This simple method has the ability to detect the glycerine or water down to about 1mm height.
